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OBSERVATIONS UPON THE ADRENAL GLANDS 
IN EXPERIMENTAL MYOCARDIAL 
INFARCTION? 


by 
A. N. KUUSISTO and ANTTI TELKKA 


The functions of the adrenal glands in myocardial infarction 
has been largely investigated in human subjects. When a reduction 
in the number of circulating eosinophil cells is taken as an indication 
of adrenocortical hyperfunction, the data obtained show uniformly 
that noticeable eosinopenia is present after myocardial infarction 
(1, 6—8, 10, 13, 16). Furthermore, it has been shown that myo- 
cardial infarction is often followed by an initial increase in the 
excretion of glucocorticoids (5, 8), 11-oxysteroids (1, 5) and 17- 
ketosteroids (1, 5, 8) in the urine, thus also indicating adrenocortical 
hyperfunction. 

These signs, together with the other common symptoms of myo- 
cardial infarction — fever, hyperglycemia and leukocytosis —, are 
also characteristic of the alarm reaction of Selye’s (15) adaptation 
syndrome. Therefore, one can assume that the symptoms of myo- 
cardial infarction are more or less dependent on increased adrenal 
activity. Forssmian (9), however, in his investigation on an exten- 
sive series of uncomplicated cases of acute myocardial infarction, 
concluded that »the evidence produced does not suggest any causal 
relationship between adrenocortical hyperfunction on one hand, 
and fever, leukocytosis and hyperglycemia on the other.» 

The relations between the adrenals and myocardial infarction has 
also been approached by studying the influence of adrenal hormones 
on experimentally produced infarct. Johnson et al. (12) reported 
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that infarct size was markedly reduced in dogs treated with corti- 
sone, as compared to control animals. This observation, however, 
has not been confirmed in later investigations (3, 11, 14). 

If the increase in the activity of the adrenals in myocardial 
infarction is great enough, it might be expected that the changes 
are demonstrable with histological methods. The present study 
was carried out in order to investigate whether experimentally- 
produced myocardial infarction in rats results in any alterations 
on the size and histological structure of the adrenal gland. 


MATERIAL AND METHODS 


Forty-five male albino rats of the Sprague-Dawley strain, 
weighing about 200 g each, were used. Fifteen rats served as intact 
controls. In fifteen rats cardiac infarction was induced under aether 
anaesthesia by following manner: The left side of the thorax was 
opened between two ribs passing in the middle of the anterior heart 
wall. The left lung collapsed and retired. The site of the anterior 
descending branch of the left coronary artery was cauterized about 
the middle of its course with a glowing needle. The left side of the 
chests of the fifteen remaining rats was opened at the same site 
and the pectoral muscle burned in order to obtain surgically- 
treated controls without infarction. 

After one week the animals were sacrificed by decapitation. Before 
sacrifice their electrocardiograms were recorded (Standard limb 
leads I—III and unipolar leads V 1 and V 4). The adrenal and 
thymus glands and the testes were removed and weighed. A piece 
of the left adrenal was used for the histochemical demonstration 
of the ascorbic acid according to the silver method of Bourne (2). 
Another piece of the left adrenal was fixed in sublimate-alcohol and 
treated further according to Cowdry’s modification (4) of Feulgen 
plasmal reaction. The right adrenal was fixed in Bouin’s fluid and 
stained with Mallory’s azan method. Pieces from the heart were 
taken at the site of the infarct and stained with hemalum-eosin. 


RESULTS 


The animals throve well during the experimental period. The 
electrocardiograms of the rats with myocardial infarction showed 
signs of anterior wall infarction (Fig. 1). The size of the infarct 
varied from 2 by 2 mm to 5 by 5 mm. The wall was somewhat 


Lead II 
Lead III Unipolar lead V 1 


Unipolar lead V 4 
Fig. 1. Electrocardiogram taken of a rat with myocardial infarction 


thinned out at the site of the infarct. On microscopic examination, 
myocardial necrosis, polymorphonuclear and mononuclear leuko- 
cytes were found (Fig. 2). Intrathoracic adhesions were frequently 
observed in the rats of the two operated groups. Neither intrathor- 
acic nor wound infections occurred. 
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Fig. 2. — Myocardial infarction in an experimental rat. Hemalum-eosin. 
x 300. 


The mean body weights of the rats, the mean absolute and 
relative weights of their adrenal and thymus glands and their testes 


are shown in Table 1. 


TABLE 1 
Control Rats Thoracotomy 
(n=15) nfarction (n=15) 
(n=15) 
200 +7 197+4 18247 


Weight of the adrenals (mg)... . 
Weight of the adrenals (mg/100 g) 


22.9 29.3 23.9 +0.6 
11.5+0.3 15.0 +0.5 13.1 +0.4 
Weight of the thymus (mg).... 381+435 333 +42 372431 


Weight of the thymus (mg/100 g) 190 +15 169 +12 204 +13 
Weight of the testes (mg) ...... 2210 +94 2330 +101 2200 +90 


Weight of the testes (mg/10 g) 110+11 118 +16 121+10 


The differences in the relative adrenal weights between the three 
groups were statistically significant, whereas no differences were 
found in the absolute and relative weights of the thymus and of 


the testes between the different groups. 


6 
| 
| 
| 


Fig. 4. — The adrenal cortex of an infarction rat. Mallory’s azan. x 300. 
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On microscopic examination of the adrenal glands stained with 
the azan method, a hypertrophy of the cortical cells was regularly 
found in the adrenals of the infarction animals (Figs. 3—4). In the 
adrenals of the operated control animals there was also hyper- 
trophy of the cortical cells, but it was not so marked and not so 
regular as that of the infarction rats. In the adrenals of the infarct- 
ion rats, in the cytoplasm of the cortical cells, numerous vacuoles 
were seen suggesting an increased amount of lipids. These vacuoles 
were in a lesser degree present also in the cortical cells of the surgic- 
ally-treated animals without infarction and in those of the controls. 
Reticulo-endothelial cells were more often found in the adrenals 
of the infarction rats than in the two other groups. 

The adrenal sections treated with the silver method for ascorbic 
acid showed a decrease in the black granules in the infarction rats 
as compared to the controls, indicating a lower ascorbic acid con- 
tent. Between the surgically-treated control group and the intact 
control group no differences were found in this respect. © 

The sections stained with Feulgen reaction for »plasmalogens» 
were more heavily stained in the infarction group than in the two 
other groups, indicating a more pronounced content of »plasmal 
material» in this group. 

The cells of the medulla showed no definite differences notice- 
able with the methods used between the three groups. 


DISCUSSION 


According to Selye (15) the adrenal glands react to stress with 
increasing size, with variations in the lipid content, with hyper- 
trophy of the cortical cells, with changes in the ascorbic acid con- 
tent and with changes in the »plasmalogens». These changes were 
found in our infarction series corresponding in part to the alarm 
reaction — loss of ascorbic acid from the cortex and increased 
number of reticulo-endothelial cells — and in part to the stage 
of resistance — increased lipid and »plasmalogen» content. The 
adrenals of the operated control rats showed hypertrophy in the 
cortical cells, which was not so marked as that of the rats with 
myocardial infarction. Thus it can be concluded that, although the 
operation itself affected the adrenals, the experimental myocardial 
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infarction under our experimental conditions produced marked 
histological changes in the adrenals similar to those found earlier to 
be characteristic of the adrenal response to stress. 


SUMMARY 


Experimentally produced myocardial infarction in rats resulted 
within a week in a statistically significant increase in the weight of 
the adrenals. The adrenals of the infarction rats stained more in- 
tensively with the Feulgen reaction and showed a decreased ascorbic 
acid content as compared with intact and surgically-treated controls. 
The cortical cells showed a marked hypertrophy, which was in a 
lesser degree found also in the cortex of the surgically-treated 
controls. 
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